This paper analyzes the issue of interday stability of the price process using transaction data. While the vast majority of empirical studies on the micostructure of nancial markets based on high frequency data rests on the tacit assumption that observed prices are generated by a unique price process, implying the existence of a common set of parameters driving this process, we question this assumption by means of a minimum distance estimation framework. Starting from estimates speci c for each d a y's price process, the proposed procedure enables us to work out a common structure accross trading days and allows us to disentangle the pecularities of trading days which are marked by certain news events.
Introduction
In the empirical analysis of market microstructure virtually all models include a tacit assumption on the stability o f the underlying information di usion process. 1 This is not only valid for structural models 2 , but also holds for reduced form approaches 3 . However, extraordinary events occuring on only a few individual trading days might blur the overall picture of a particular market place which describes the trading mechanism well for the majority of trading days. Increasing the sample size may reduce the weight of extraordinary events not explicitly accounted for, generating a contaminated picture of typical trading days. Such a procedure ignores the information contained in these singular events and even worse, it prohibits a careful analysis of singularities, i.e. major news releases, adjustments of key interest rates, crashes etc., which are a focal point o f i n terest for practitioneers and the public. Finally, the systematic analysis of those events might also generate valuable insights into the functioning of nancial markets. The aforementioned procedure of extending the sample crucially relies on the assumption that i the proportion of events unexplained by the model diminishes when the sample is expanded and that ii the trading process is not subject to an ongoing change, e.g. a shift of volume from one trading place to another or from one asset to another.
1 See Goodhart and O'Hara 1997 for a recent survey on theoretical and empirical work. 2 E.g. Hasbrouck 1991 , Easley, Kiefer, O'Hara, and Paperman 1996 , Easley, Kiefer, and O'Hara 1997 , or Ait-Sahalia 1998 3 E.g. Hausman, Lo, and MacKinlay 1992 , Bollerslev and Domowitz 1993 , Russell and Engle 1998 Of course, the point is well taken that it is hard to assess the stability of empirical relationships in a manner which is satisfactory to economic theorists. The mere fact that a subset of observations is not described well by a certain empirical speci cation is utterly uninformative. Major questions remain to be answered.
In what respect do these observations di er from others in the sample?
What might cause the shift in information processing?
Which dimensions of the price process are a ected?
In this paper we exploit the richness of time series of intraday data to assess the problem of a common market microstructure over longer time horizons. Thereby, a single trading day serves as a natural entity which in liquid markets contains su cient observations at the transaction level to estimate even demanding nonlinear models of the price process.
In particular, our analysis of the price process at the transaction level is based on the ordered probit model with conditional heteroskedasticity as it was rst suggested by Hausman, Lo, and MacKinlay 1992 and subsequently applied by Bollerslev and Melvin 1994 to the analysis of quotes. The necessity to apply quantal response models to map the price process of transactions relies on two i n trinsic features of transaction data. First, prices are quoted in discrete units 4 ticks and second, the speed of the price adjustment process, i.e. the time between transactions, is clearly irregular and might w ell be described by duration models, see Engle 1996 , Engle and Russell 1997 , and Russell and Engle 1998 . The ordered probit is capable of mapping the structure of serial dependence in the data, and yet, remains managable from a computational point of view. The inclusion of conditioning information is straightforward in order to account for factors assumed to drive the price process. This is a substantial advantage compared to the rounding models of Ball 1988 , Cho and Frees 1988 , or Harris 1990 . Last but not least, this methodology avoids an aggregation of transactions and preserves a maximum amount o f information contained in the data. Easley, Kiefer, and O'Hara 1997 give some empirical evidence on this aggregation problem and argue that the aggregation e ect is particularly severe when the information di usion process is analyzed. In particular, the speed of the price adjusment remains observable in our speci cation. This is regarded as a crucial information in market microstructure models in the spirit of Easley and O'Hara 1992.
Our research strategy is to start with a very general set-up assuming that each trading day in the sample is a unique event. In subsequent estimation stages we try to nd a common structure across trading days. This allows us to account for potential distortions in the price process while imposing as much structure on the price process as standard statistical criteria allow. Therefore, our strategy circumvents the problems of simple pooling approaches, which more or less ignore distortions in the price process. It is also superior to intraday approaches which face the danger of generalizing empirical ndings that may only hold for speci c trading days.
The novel feature of this paper is to apply minimum distance estimation in a second estimation stage in order to obtain aggregate estimates for the whole sample period. Kodde, Palm, and Pfann 1990 show that the minimum distance method based on rst stage maximum likelihood estimates is asymptotically equivalent to a one stage full information maximum likelihood estimator. However, minimum distance reveals obvious advantages for applied researchers because it yields a testing procedure that starts from the most general speci cation and tests downwards to the speci c model avoiding the estimation of di erent speci cations on the overall sample. The ability t o discriminate between different types of trading days may prove to beuseful in getting a better understanding of the functioning of nancial markets. Although we demonstrate the use of the minimum distance procedure in the context of ordered probit models it is straightforward to apply this methodology to the estimation results of other rst step estimators, e.g. ARCH type models. As a practical byproduct the minimum distance approach allows us to circumvent problems that arise from modelling the speci c features of the price process at opening and closing hours as well as of overnight price changes.
Our approach di ers somewhat from pooled regression methods which usually control only for a few daily peculiarities. Recent econometric approaches by Andersen and Bollerslev 1997a , Andersen, Bollerslev, and Das 1998 allow the inclusion of scheduled events. They pay tribute to the fact that the well known seasonalities 5 caused by the opening and closing of the market itself, other related markets,
5 See e.g. Ord 1985 and Wood 1992 for an analysis of season-and the e ect of lunch hours are distorted by expected, i.e. scheduled announcements which are released on a regular basis. Yet, there is still no generally accepted procedure to resolve the e ect of unexpected news releases in the sample.
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The same is true for the e ects of market expectations around scheduled news events. These advanced re nements, however, rely on the tacit assumption that the e ect of a particular news event, e.g. a FOMC meeting without a change in interest rates, is always of the same size independent of the expectations formed by market participants. Hence, they implicitely assume that these e ects can besimply captured by dummy variables, and ignore interaction e ects implying a shift in the marginal e ects of the explanatory variables.
We demonstrate the potential of the methodology introduced here by applying it to the analysis of transaction prices of the Bund future traded at LIFFE in London. The data provides us with information on the prices, associated quotes and proxies for volume.
Through the time stamps, we are able to compute the time between transactions. As a complementary data source we use the Reuter's AAMM news headlines to gain additional information on the timing of news items. We choose a sample of 22 trading days which alities of trading at the NYSE, or Dacorogna, M uller, Nagler, Olsen, and Pictet 1993 and Guillaume, Dacorogna, Dave, M uller, Olsen, and Pictet 1997 For the Bund future trading we are able to work out a common structure across trading days and to disentangle the pecularities of event dominated trading days. Despite the large sample size of around 1.7 thousand transactions pertrading day that usually gives rise to the rejection of any n ull hypothesis on the equality of regression coe cients we d o nd a common structure for 18 out of 22 trading days. We can show that event dominated trading days are marked by di erent price processes that share no common structure and render simple pooling estimates inconsistent.
The outline of the paper is as follows. In section 2 we describe our econometric approach.
Section 3 contains relevant information on the data and the institutional arrangements. It also provides casual evidence on the presence of a common market microstructure based on intraday estimates. The model speci cation and the empirical ndings are discussed in section 4, while the nal section concludes and presents an outlook for future research.
7 See Jones, Lamont, and Lumsdaine 1998 for an analysis of the e ect of unemployment gures and producer price index announcements on daily T-bond prices and the references given therein for additional work on the e ects of scheduled announcements.
The Estimation Procedure
The estimation procedure we propose consists of two estimation stages. In the rst stage, 
Combining Intraday Estimates by Means of MDE
If there is a common structure across trading days one should expect the parameters of the reduced form to be similar across trading days, i.e. price movements should be generated by a common set of parameters. The basic idea of the minimum distance estimation method is to nd a common set of restrictions on the parameters such that the weighted quadratic distance between the parameters of the structural form and the parameters of the reduced form is minimized. Assume the parameters of the mean and variance function are the same across trading days except the day speci c volatilities where:
Based on hourly aggregates we nd that 97.1 of the total variation of the price changes is due to within variation. This result turns out to be robust w.r.t. the choice of frequency of the price change measure. Using price changes on time intervals of 5 20 minutes the corresponding share of within variation to total variation is 93.2 95.7, see table 3. Of course, the strong dominance of the within variation is due to the speci c decomposition chosen. Contrary to real panel data h is a subunit of d, such that the within variation strongly exploits the time series variation in the data. However, the decomposition clari es that concentrating on the intraday v ariation of price changes implies a rather substantial loss of information if there is a common structure that holds across trading days.
Model Speci cation and Evidence from Intraday estimates
The speci cation used for our regression model centers around the question of the nature of information di usion process as analyzed in market microstructure literature. The speci cation of the mean function is guided by theoretical arguments trying to explain local deviations from the martingale hypothesis. For the variance function we recurr to models analyzing market volatility and the clustering of trades. we check for potential medium term dynamic e ects by two minute aggregates of midquote changes Agg:M Q . These turn out to be insigni cant once we account for other market microstructure e ects in the mean function.
Since microstructure theory suggests that the type of trade is informative, we include two additional variables in the mean function. The variable Bounce captures a bid ask bounce and takes on the value +1 if the transaction is seller initiated at t,1 and is buyer initiated at t; it takes on the value ,1 in the reverse case, and is 0 otherwise. As outlined in section 2 minimum distance estimation provides a framework of testing for, and imposing, a common parameter structure. Table 6 gives the results of the minimum distance estimation assuming equality of all coe cients across trading days with the exception of the daily volatility ratios d = 0d 01
as de ned by the parameter vector 1 .
The corresponding minimum distance statistics, reported in table 7, however, indicate that the imposed parameter restrictions clearly have to be rejected.
The rejection of this speci cation leads to additional questions: First of all, are there at least some subperiods in the sample which actually share a common price process? This might betrue if there are only a few exceptional days which lead to the rejection of an overall common structure. In this case we are further interested in the underlying economic reasons for the departing structures of particular days. In particular, we w ould like to infer whether all dimensions of the price process are equally a ected by this disruption?
Therefore, in a second step we check for a more exible but su ciently parsimoneous speci cation that incorporates a large fraction of trading days. This is done by testing the null hypothesis which states that parameters of trading day d are identical with coresponding ones of all other trading days using the 2 -test introduced in section 2. The results of this test are given in table 8. Interestingly, the null can only berejected for 4 trading days at the 1-percent level, indicating that a limited number of individual trading days may cause an overall rejection of the most parsimoneous speci cation we started with.
The four particular days are August 4th as well as the period of August 22nd through 24th.These days are dominated by the major news events of August 1995: On August 4th, July's employment gures for the U.S. were released. The 22nd is actually marked by two major news releases. First, the German Bundesbank announced an observed contraction of M3. Second, the FOMC decided to keep key interest rates at the current level. However, this decision was released after closing of the Bund futures trading so that this new event actually e ected trading on the 23rd. By inspection of the Reuters money market news tape it is apparent that FOMC's decision was not in accordance with the market consensus. Finally, on 24th the German Bundesbank announced a 50 basis point cut in two of the German key interest rates, namely in the lombard and the discount rate.
Since it is the major goal of this paper to develop an empirical framework for the analysis of shifts in the price process we refrain from hypothesizing on potential links between the price process and economic fundamentals. At this stage of our research we regard our ndings merely as a pointer towards future research concerning the e ect of news releases on the price process.
The presented evidence suggests splitting sample A into two parts. One subsample B consists of 18 trading days B selected on the results obtained by the 3 statistics decribed above. The other sample C consists of the four deviating trading days. Estimating the baseline speci cation on the basis of sample B we cannot reject the hypothesis of common structure, see table 7. This nding is not merely caused by a reduction of the sample size, which still contains 29,901 observations, but rather by the selection of trading days with a homogenous price process. Given the large sample size, which often leads to a rejection of any type of null hypothesis we regard this nding as somewhat surprising.
On the other hand we clearly have to reject the hypothesis of a common price process for sample C. Obviously the major news events on these trading days generated unique, day speci c price processes. Hence by testing for periods with a homogeneous price process we nally end up with a parsimoneous speci cation for the whole sample period of the 22 trading days that requires less than a quarter of the numberof parameters used for the separate intraday estimates.
A comparison of the size of the coe cients and the sign pattern between the estimates for subperiods B and C reveals that, despite the rejection of total homogeneity of trading days, the impact of market microstructure variables is very similar. In particular, this holds for the factors driving the mean price change and to a lesser extent for the volatility's explanatory variables.
The minimum distance estimates are more precise compared to the intraday estimates.
While many higher order lags of the explanatory variables are insigni cant for the separate intraday estimates, for instance, we can detect a signi cant bid-ask momentum up to a lag of order ve. Moreover, our approach nicely detects intraday seasonalities in the volatility of the price change with peeks around 13:00 to 15:00.
Finally, we use the relative volatility parameter d = 0d 01
to check for event dominated trading days. In gure 1 we compare the relative daily volatilities obtained by our mini-mum distance approach to the daily volatility constants stadardized by the rst trading day from a GARCH1,1 model estimated on ve minute aggregates. The shape of the volatility ratios is similar but the GARCH ratios are clearly more pronounced. The striking di erences of GARCH and the ordered probit -minimum distance estimates between 8 10 95 and 8 18 95 can well be explained by the nature of the the GARCH speci cation being used which does not correct for speci c market microstructure e ects in the mean of the price process. On the other hand, the observable di erences for the time period 8 25 95 to 8 30 95 can be attributed to the fact that our estimator does not incorporate autoregressive volatility e ects in the variance function.
Conclusions
In this paper we analyze the determinants of transaction price changes for the BUND future trading at the LIFFE on the basis of the 22 subsequent trading days. The minimum distance estimation technique applied combines the intraday estimates optimally while taking into account the discrete nature of price jumps at the transaction level and the irregularly spaced time intervalls between transactions. Our approach enables us to work out a common structure across trading days and to disentangle the pecularities of certain trading days which are marked by certain news events. Despite the large sample size of around 1.7 thousand transactions per trading day that usually gives rise to the rejection of any null hypothesis on the equality of regression coe cients we nd a common structure for 18 out of 22 trading days. On the other hand exceptional trading days lead to structural breaks rendering simple pooling estimates inconsistent. In particular, news events are more likely to a ect the variance function than the mean function. Therefore, more attention should be payed to the fact that prominent news events distort the way that information is processed in nancial markets.
By its nature our approach is, of course more explorative than structural. At most our estimation results provide evidence as to whether some behavioral hypothesis derived from the highly stylized market microstructure models are consistent with transactions data. Conditional on the short-run history of the trading process we nd the type of orders to have a signi cant impact on the mean of price changes. We are able to identify something like a bid-ask momentum and an e ect of consecutive buyer initiated trades. This feature of the price process, however, needs to be interpreted in conjunction with the negative feedback introduced by lagged mid-quote changes. The time between transactions is informative regarding the volatility of price changes. More frequent trading implies a higher variance per transaction. Spread size enters the variance function with a positive sign, indicating that larger spreads imply a higher variance per transaction.
Our empirical ndings are in accordance with the hypothesis that there is a learning mechanism present at the micro level based on order ow. In particular interpreting the time between transactions in the sense of O'Hara 1992 and as an indication for information present in the market, we conclude that it is indeed information and not liquidity which drives volatility. This is supported by the fact that the explanatory variables capturing an imbalance of supply and demand were hardly ever found to be signi cant.
The approach presented here o ers numerous avenues for future research. The merits of the approach should bechecked in the light o f transaction prices of di erent nancial markets. Since the computational burden involved is fairly limited, the minimum distance technique nicely quali es for the analysis of intraday seasonalities. Finally, more research should bedevoted to the endogeneity of the time between transactions, volume and transactions costs leading to econometric speci cations that treat all three variables as endogeneous. Figure 1 : Volatility ratios from the minimum distance estimation step and volatility constants from a GARCH1,1 model estimated on 5 minute aggregates, standardized on the rst day.
